Intravascular large B-cell lymphoma (IVLBCL) is a rare and clinically distinctive entity characterized by the almost exclusive growth of large cells within the lumen of blood vessels in particular capillaries. Reports of this peculiar disease, do not commonly address the PD-L1 expression on IVLBCL tumor cells. Here, we describe a 51-year-old Japanese woman who presented with rapidly progressive cognitive decline and higher brain dysfunction. CT scan and MRI revealed multiple ischemic foci in the cerebral hemispheres, ground-glass opacity in the lungs, and splenomegaly. Random skin biopsy for IVLBCL diagnosis yielded negative results. The patient experienced a rapidly deteriorating clinical course with no treatment, and died from the disease after 3 months of hospitalization. Post-mortem examination revealed systemic intravascular plugging of lymphoma cells, without mass lesions in the central nervous system or in visceral organs such as the lungs, liver, pituitary gland, ovaries, and uterus. The tumor cells were positive for CD10, CD20, BCL2, BCL6, and MUM1, but not other lineage-specific markers. Notably, the tumor cells showed strong PD-L1 expression. Our case was diagnosed as IVLBCL with neoplastic PD-L1 expression. These findings suggest that PD-L1 is associated with immune evasion of IVLBCL and may play a role in the pathogenesis and peculiar biological behavior of this unique disease. Additionally, PD-L1 may represent a possible therapeutic target for immune check-point inhibitors.
INTRODUCTION
Diffuse large B-cell lymphoma (DLBCL) is a heterogeneous disease comprising multiple morphologic variants, immunophenotypic and molecular subgroups, and distinct disease entities. 1 One particularly aggressive DLBCL subtype is intravascular large B-cell lymphoma (IVLBCL), which is characterized by selective growth of large tumor cells within the lumen of blood vessels of varying size. 1 Since IVLBCL can potentially occur in any organ, it exhibits highly heterogeneous clinical features and is challenging to diagnose, although patients with IVLBCL may predominantly exhibit fever, neurological symptoms, and cutaneous symptoms. 2, 3 During its clinical course, this disease often affects the immunological sanctuary, including the central nervous system (CNS). However, the reasons for this peculiar localization of tumor cells remain unclear.
The introduction of programmed death 1 (PD1)/PD1
ligand (PD-L1) pathway inhibitors has revolutionized cancer treatment, producing impressive responses in a broad variety of tumor types. 4, 5 Based on the established breakthrough effect of PD1 blockade, researchers are now investigating PD1 and PD-L1 targeted antibodies for treatment of various lymphomas, especially in relapsed or refractory disease. In parallel, studies have focused on analyzing of the PD1/ PD-L1 axis for prognostic relevance and prediction of treatment response. 4, [6] [7] [8] [9] [10] With regards to lymphoid malignancies, tumor cell PD-L1 expression is frequently reported in classic Hodgkin lymphoma (CHL), primary mediastinal large B-cell lymphoma, and Epstein-Barr virus (EBV)-associated lymphomas, including EBV-positive diffuse large B-cell lymphoma (DLBCL), not otherwise specified (NOS) type, and extranodal NK/T-cell lymphoma, nasal type 11 according to the WHO 2017 classification. 1 Moreover, a recent report describes a higher incidence of neoplastic PD-L1 overexpression in primary DLBCL of the CNS (PCNS-DLBCL) compared to systemic ordinal cases. 12 This suggests that PD-L1 expression in tumor cells may play an important role in PCNS-DLBCL pathogenesis.
Here, we present the case of IVLBCL in an immunocompetent patient which initially presented with neurological symptoms and unfortunately had a lethal clinical course of 3 months with no treatment. The autopsy findings revealed strong PD-L1 expression on the tumor cells as well as typical histopathologic features of IVLBCL, supporting the possibility that such PD-L1 expression may be related to the pathogenesis and/or peculiar clinical behavior of this unique lymphoma.
CASE PRESENTATION
A 51-year-old woman was admitted to our affiliated hospital after experiencing cognitive deficits, disorientation with poor short-term memory, and truncal ataxia for the past 2 months. She had no remarkable family history, and exhibited no fever, weight loss, or night sweating. Physical examination findings were largely normal, with no observed skin lesions or rashes. Cerebral magnetic resonance imaging (MRI) revealed multifocal ischemic lesions with occlusion of the bilateral middle cerebral arteries. Upon computed tomography (CT) of the chest, the periphery of both lungs exhibited a ground-glass appearance. Abdominal CT revealed mild splenomegaly.
After an extensive work-up that did not yield a definitive diagnosis, we considered the possibility of IVLBCL based on the patient's mental status decline. Examination of a random skin biopsy (RSB) of normal-appearing skin did not reveal any pathological changes. The patient subsequently suffered a rapidly progressive decline in cognitive function and higher brain dysfunction. She died of multiple organ failure after 3 months of hospitalization. Over her entire clinical course, the patient did nod exhibit lymphadenopathy. Post-mortem examination was performed. 
PD-L1+ intravascular large B-cell lymphoma PATHOLOGICAL FINDINGS
Histological examination revealed large tumor cells infiltrating into small and middle-sized blood vessels of multiple organs, including the lungs, liver, spleen, pituitary gland, ovaries, uterus, and bone marrow (Fig. 1A and 1B) . We also observed extravascular spread in the spleen and liver. These morphologic features conformed to those documented in IVLBCL. The tumor cells were immunohistochemically positive for CD10 (Fig. 1C), CD20 (Fig. 1D) , BCL2, BCL6, and MUM1 (Fig. 1E) , but negative for CD3 and CD5. Analysis with EBV-encoded small nuclear early region in situ hybridization (EBER-ISH) showed that the tumor cells were not associated with EBV. About 50% of the tumor cells showed strong expression of PD-L1 (clone SP142, Spring Bioscience, Pleasanton, CA) (Fig. 1F) .
DISCUSSION
Here we describe a case of IVLBCL with both neurologic involvement and systemic symptoms. Notably, postmortem examination revealed strong neoplastic PD-L1 expression. PD-L1 represents an attractive therapeutic target in this era of immuno-oncology, and may be associated with the peculiar observation that IVLBCL preferentially affects the immunological sanctuaries, as exemplified by CNS involvement 13 and neurolymphomatosis. 14 IVLBCL has been described in an increasing number of reports mostly short series and single case reports. Ponzoni et al. 2 reviewed our current knowledge of this rare aggressive lymphoma. By the time of diagnosis, IVLBCL is disseminated and warrants systemic chemotherapy using an anthracycline-based chemotherapy regimen, such as cyclophosphamide, doxorubicin, vincristine and prednisone (CHOP) with the addition of monoclonal antibodies rituximab (R-CHOP).
Shimada et al. 3 reported that IVLBCL patients who exhibit CNS involvement at diagnosis tend to show a short interval from diagnosis to CNS recurrence. Among patients without CNS involvement at diagnosis, they found a 12% survival rate at 2 years after CNS recurrence. Furthermore, they demonstrated that the risk of CNS recurrence did not significantly differ between patients receiving chemotherapy regimens with or without rituximab. CNS recurrence is a serious complication in IVLBCL patients, and the development of optimal strategies for the treatment and prevention of CNS involvement will likely improve to clinical outcomes. Similarly, patients with PCNS-DLBCL show a remarkably worse prognosis than patients with systemic DLBCL (S-DLBCL) 1 with about 25% of PCNS-DLBCL patients not responding to first-line treatment, and over 50% of these nonresponders relapsing during their clinical course.
Although frequency of PD-L1 expression in DLBCL have varied among several studies, [6] [7] [8] [9] no study focusing on PD-L1 expression in IVLBCL has been reported. Four et al. 12 recently reported a higher rate of PD-L1 expression (clone SP142) on tumor cells in PCNS-DLBCL than in S-DLBCL (58% and 37%, respectively). Moreover, Hishikawa et al. 15 reviewed 12 unique cases with coexisting PCNS-DLBCL and IVLBCL, and suggested that the former may be regarded as the extensive extravascular involvement of the latter in the CNS. Indeed, one study among Japanese patient reported that PCNS-DLBCL and IVLBCL had overlapping survival curves and rarely differed in any clinicopathologic parameters, except that the international prognostic index (IPI) score was low or low-intermediate in 86% of PCNS-DLBCL cases and was high or high-intermediate in 98% of IVLBCL cases. 16 These findings raise the question of what mechanism or microenvironment might explain the unique aggressive behavior shared by these diseases, which exclusively affects extranodal sites but not nodal sites. Here we detected PD-L1 overexpression in our case of IVLBCL, which may contribute to the immune escape of tumor cells, and which is absent in ordinal DLBCL, NOS.
